The influence of sleep disorders on the quality of life in patients with chronic low back pain Introduction: Low back pain (LBP) is one of the most common pain syndromes, and its prevalence has increased significantly in the past three decades. Objectives: The aim of this study was to evaluate the effects of insomnia and daytime sleepiness on the quality of life (QOL) of patients suffering from chronic back pain. Material and methods: It is a cross-sectional study conducted among 100 people (aged 25-75 years -mean age 49.53 AE 10.92) treated in a neurological clinic for chronic back pain lasting longer than 3 months. The diagnostic survey method was applied for the purposes of this study with the use of: the author's questionnaire and standardised questionnaires that is Visual Analogue Scale (VAS), Epworth Sleepiness Scale (ESS), Athens Insomnia Scale (AIS) and Polish version of WHO Quality of Life-BREF questionnaire (WHOQOL-BREF). The results were statistically analysed. Results: Analysis of the study material showed that 83% of patients suffered from insomnia (scored 6 or more points on the AIS) and 29% experienced mild daytime sleepiness. People who were more sleepy during the day were characterised by lower perception of the QOL (r = À0.034, p = 0.029) and lower perception of general health (r = À0.035, p = 0.04). Analysis of multiple variables (using linear regression) showed that independent predictor of the QOL in all domains is the result of the AIS questionnaire (p < 0.05). Conclusions: Sleep disorders -both insomnia and daytime sleepiness -are a common health problem experienced by people with LBP. Insomnia is an important predictor affecting the QOL in people with LBP.
Introduction
Low back pain (LBP) is one of the most common pain syndromes, and its prevalence has increased significantly in the past three decades (1, 2) . Chronic LBP is defined as a back pain problem that has persisted for at least 3 months and has resulted in pain on at least half the days in the past 6 months (3, 4) . It is the second most frequently reported reason for referring to a primary care physician (5) . There are many factors contributing to LBP; however, it is often impossible to determine one specific cause. In a group of adults over 18 years, most people have experienced at least one episode of acute LBP in their lifetime (6) .
It is worth noting that lifetime prevalence of LBP across the general population worldwide might reach even 84% (7) . So far, there are still many differences in estimations of the prevalence of chronic LBP in Western World, which typically ranges between 15% and 30% of the adult population (8) . The most current data by Henn et al. (9) for the prevalence of back pain in Poland show that a total of 22.6% reported to have often or very often pain episodes. Ihlebaek et al. (10) reported that the prevalence of LBP is higher in the Swedish area (18.2%) than in the Norwegian (13.4%), and it was found a significant difference for men in the age group 31-45 years. Moreover, after controlling for gender, age, education and physical workload, the Swedish individuals still showed a higher risk of reporting current LBP. According to an EU Report, musculoskeletal diseases such as LBP syndrome have become a research priority in 10 European countries including Finland, Norway, Sweden and Poland (11) .
The meta-analysis by Stubbs et al. (12) has shown that, in low-and middle-income countries, the number of people experiencing LBP has risen to 35.1%. In countries with low and medium socio-economic status, 6.9% of the population suffers from chronic back pain (12) , while, in the United States, this percentage is higher and amounts to 13.1% (13) . Chronic LBP is one of the major causes of physical disability (14, 15) . It clearly decreases the quality of life (QOL) of a patient, for example by affecting the basic activities of everyday life (16) . Moreover, it was observed among Sweden population that the majority of the patients used disregarding processes in response to chronic LBP, which seems to be a defence psychological reaction to protect the participants' self-concept and reduce emotional discomfort (17) . Due to its prevalence and consequences (physical, social, economic and emotional), LBP is a serious medical problem worldwide (13) .
Associations between occupational activities, especially sedentary work or physically hard work, and occurrence LBP has been confirmed in previous studies. Among the occupational activities, sitting is commonly known risk factor, additionally to heavy physical work, heavy or frequent lifting, being in non-neutral postures (i.e. rotation and hyperflexion), pushing and pulling, and exposure to the whole body vibration (18) . An interesting prospective study by Lusa et al. (19) on Finnish firefighters reported that that low back symptoms are common and persistent among firefighters and that sleep disturbances strongly predict membership of a radiating pain trajectory. A study by Lunde et al. (20) conducted among Norwegian population reported no significant associations between sitting and LBP intensity among construction workers as well as lower levels of LBP intensity during the longer duration of sitting at work among healthcare workers.
It should be emphasised that LBP is still the most common musculoskeletal disorder and work-related health problem among nurses due to strenuous workloads and irregular shift schedules. Junke and Cho (21) showed that 90.3% of nurses in mean age 27.2 had back pain at least once a month (21.9% always, 40.7% once a week and 27.7% once a month). Also, Ovayolu et al. (22) found that 84.2% of the nurses experienced LBP of which 66.7% evaluated this pain as 'a pain with moderate severity'. Moreover, Abedini et al. (23) concluded that studied nurses believed that LBP had a negative influence on their job security and on their lives.
Back pain can lead to the development of symptoms of depression (12) and often coexists with sleep disorders (24, 25) . The most common sleep disorder is insomnia defined as a difficulty in falling asleep and staying asleep or falling asleep again after waking up at night or waking up too early where the symptoms last for at least 1 month (26) . Due to the prevalence of insomnia, it poses a significant clinical problem and should get the status of civilisation disease (27) .
The above-mentioned thesis may be confirmed based on epidemiological data of insomnia that varies greatly across studies conducted worldwide, ranging from 6% to 50% or even 60% of the general population (28) . Recent studies show that insomnia negatively affects work performance, impairs decision-making, decreases concentration, increases the risk of motor vehicle accidents, destroys relationships and reduces the QOL (29) . It was also found that female sex, mental health problems and physical health problems could be associated with an increased prevalence of insomnia; however, there is a small number of epidemiologic studies focused at the relationship between pain and insomnia (30) .
Numerous studies (19, 24, (31) (32) (33) (34) (35) have shown that sleep disorders influence the development or exacerbation of back pain and affect the development of depressive symptoms. However, the impact of sleep disorders on the QOL in patients with LBP has not been studied so far. Therefore, the purpose of this study was to evaluate the effects of insomnia and daytime sleepiness on the QOL of patients suffering from chronic LBP.
Materials and methods

Study participants
This cross-sectional study was conducted prospectively between March and June 2017. A total of 100 Polish patients (aged 25-75 years; mean age 49.53 AE 10.92 years) were involved in the study. All patients were treated in the neurological clinic for chronic LBP lasting longer than 3 months. Participation in the study was anonymous and voluntary. Each patient signed a written consent to participate in the study and was informed of the possibility of resigning at any stage of the study.
Selection criteria
The inclusion criteria were as follows: (1) age over 18 years, (2) occurrence of back pain for over 3 months, (3) no prior spinal surgery and (4) the lack of mental or psychiatric disorders. The exclusion criteria were as follows: (1) occurrence of pain for less than 3 months, (2) history of spinal surgery, (3) previously diagnosed and treated sleep disorders, (4) previously diagnosed mental disorders and (5) night shift work.
Ethical considerations
The research was approved by the Bioethics Committee of Wroclaw Medical University (no. KB-388/2017). The study was conducted in accordance with the Helsinki Declaration (36) and the European Medicines Agency Guidelines for Good Clinical Practice. The dignity and rights of participants were respected at all times.
Study design
The study design is an observational, prospective, crosssectional study. The STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) guidelines for reporting of observational studies were followed (37) .
Research tools
The diagnostic survey methods were applied for the purposes of this study with the use of the author's questionnaire (AQ) and standardised questionnaires, that is Visual Analogue Scale (VAS) (38), Epworth Sleepiness Scale (ESS) (39), Athens Insomnia Scale (AIS) (40) and WHO Quality of Life-BREF questionnaire (WHOQOL-BREF) (41) have been previously translated, adjusted, validated and adopted to Polish circumstances.
The AQ is a survey of own authorship, which included questions on sociodemographic data, that is age, sex, place of residence and duration of treatment.
The VAS is a numerical scale with graphical 10-cm segments on which the patient marks the degree of pain intensity he/she is currently experiencing. On the two ends of the segment, there are two extreme pain evaluations: score '0' means no pain, whereas '10' is the maximum pain the patient can even imagine. Periodically repeated pain intensity measurements with the use of the VAS facilitate the assessment of the efficacy of analgesic treatment (38) .
The ESS is a self-assessment scale used to evaluate sleep disorders. Respondents are asked to rate (on a 0-to 3-point scale) the probability of falling asleep in 8 daily life situations. The patient can score from 0 to 24 points where the higher score indicates the higher sleepiness (39) .
The AIS is a self-assessment psychometric instrument designed for quantifying sleep difficulty. It consists of eight items: the first five pertain to sleep induction, awakenings during the night, final awakening, total sleep duration and sleep quality, while the last three refer to well-being, functioning capacity and sleepiness during the day (the Cronbach's a was 0.89) (40) .
The WHOQOL-BREF questionnaire consists of 26 questions which assess the general self-perception of the respondents' QOL and health. The first two questions were analysed separately. The remaining 24 questions assess four domains of the QOL (physical, psychological, social and environmental). The respondents were asked to mark their answers using a five-level rating scale (from 1 to 5 points). The QOL in respective domains was expressed as a mean value, calculated according to the key and guidelines provided by Wołowicka et al. (41) The higher the score, the better the QOL.
Statistical analysis
Quantitative variables analysis was performed to measure mean values, standard deviation, median, quartile, minimum and maximum. Analysis of qualitative variables was performed by calculating the number and percentage of occurrences of each value. The comparison of quantitative variables in two groups was made using the Student's t-test (variable was normally distributed in the analysed groups) or the Mann-Whitney test (with non-normal distribution). Comparisons of quantitative variables in three or more groups were performed with ANOVA (variable was normally distributed in the analysed groups) or the Kruskal-Wallis test (with non-normal distribution). In the case when such comparison showed statistically significant differences, post hoc analysis was performed: Tukey's HSD test (for a normal distribution) or Dunn's test (for non-normal distribution).
The correlation between the two quantitative variables was analysed using Pearson's (when both variables were normal) or Spearman's coefficient (when at least one of them had a non-normal distribution). Strength of a relationship was interpreted according to the following scheme: |r| ≥0.9 -very strong correlation; 0.7≤ |r| <0.9 -strong correlation; 0.5≤ |r| <0.7 -moderately strong correlation; 0.3≤ |r| <0.5 -weak correlation; |r| ≥0.3 -very weak (negligible) correlation (42) .
Multivariate analysis was performed with the use of linear regression. The quality of the obtained model was evaluated by calculating the determination coefficient R². The normality of distribution of variables was tested using the Shapiro-Wilk test. The results were considered significant with a p-value <0.05. The analysis was performed with the use of software R version 3.3.2.
Results
The study involved 100 people treated in a neurological clinic for chronic LBP. Detailed sociodemographic data are presented in Table 1 . Mean duration of illness was 6.2 years (SD = 6.24) and ranged from 6 months to 35 years, and mean duration of treatment was 3.7 years (SD = 3.72) and ranged from 2 weeks to 30 years. The vast majority of respondents described their pain as acute (48%) and severe (38%), affecting proper functioning in everyday life (78%) and in professional life (83%). On the VAS, respondents rated pain intensity at the mean value of 6.75 pts (SD = 2.02). The most commonly used form of treatment was a pharmacological treatment (83%) and rehabilitation services (64%), and one in five respondents had to change professional duties due to back pain.
Analysis of the study material showed that 83% of patients suffered from insomnia (scored 6 or more points on the AIS) and 29% experienced mild daytime sleepiness. In turn, one of ten respondents suffered from intense daytime sleepiness.
Analysis of the data obtained from the WHOQOL-BREF questionnaire revealed that respondents rated the QOL as neither high nor low (mean AE SD = 2.61 AE 1.12), and their general health neither satisfactory nor unsatisfactory (mean AE SD = 2, 34 AE 1.05). The respondents evaluated the QOL in the social domain the highest (mean AE SD = 13.74 AE 2.77) and the lowest in the physical domain (mean AE SD = 10.3 AE 3.68). The univariate analysis showed that the QOL (in all domains) in people with chronic back pain is affected by pain severity, insomnia and daytime sleepiness ( Table 2) .
Sociodemographic factors affecting the QOL as measured using WHOQOL-BREF: sex, age, place of residence, education, marital status, professional activity and duration of illness Analysis of the results showed that age and level of education did not affect the QOL in any of the studied domains. The results revealed that women assess their health higher than men (p = 0.009). It was also shown that those who are in the relationship assess the QOL in the social domain higher than single or widowed people (p = 0.014). In addition, professionally active people assess the QOL in the social domain higher than the unemployed people (p = 0.038).
The place of residence significantly differentiated the QOL assessment in all studied domains. The residents of cities of over 25 thousand residents evaluated the QOL higher than people living in village or town up to 25 thousand residents (p < 0.05). The duration of illness also significantly influenced the perception of the QOL and general health and the QOL in the physical domain (p < 0.05). It was demonstrated that the longer duration of illness the higher the QOL in those domains.
The results of multivariate analysis using linear regression for the perception of the QOL and general health; for the perception of the physical and psychological domain of the WHOQOL-BREF; as well as for the perception of the social and environmental domain of the WHOQOL-BREF are presented in Tables 3-5 , respectively.
Factors affecting insomnia as measured using AIS: sex, age, place of residence, education, marital status, professional activity and duration of illness
The study results showed that age, sex, marital status, education, place of residence and professional activity do not affect the level of insomnia (p > 0.05). However, it was observed that the higher the level of pain intensity, the higher the level of insomnia (r = 0.462, p < 0.001). It was also shown that the longer the duration of illness, the lower the level of insomnia (r = À0.335, p = 0.001).
The multivariate analysis with the use of the linear regression model showed that independent predictors of AIS scores (p < 0.05) were pain level (r = 1.515, p < 0.001) and duration of illness (r = À0.303, p = 0.009).
Factors affecting the sleepiness as measured using ESS: sex, age, place of residence, education, marital status, professional activity and duration of illness Analysis of the obtained data showed that age, marital status, education, place of residence and professional activity did not affect insomnia (p > 0.05). Men were shown to have higher levels of sleepiness during the day than women (p = 0.024). It was also observed that the higher the level of pain, the higher the level of sleepiness (r = 0.233, p = 0.02). However, the longer duration of illness caused a lower level of sleepiness (r = À0.307, p = 0.002).
The multivariate analysis with the use of the linear regression model showed that the independent predictor of the ESS score (p < 0.05) was the duration of the disease (r = À0.247, p = 0.014).
Discussion
In highly developed countries, chronic LBP syndromes pose an important medical problem. It is estimated that 90% of patients with lower back pain suffer from nonspecific back pains and degenerative disc disease leading to discopathy (43) . LBP mainly affects people aged 40-60 years (44) , which is confirmed by the results of our own study. It has been widely confirmed that chronic LBP adversely affects many QOL components including sleep quality. Kelly et al. (45) in their systematic review found evidence that LBP is associated with greater sleep disturbance, reduced sleep duration and sleep quality, extend the time taken to fall asleep, worsen daytime function and greater sleep dissatisfaction promoting distress. Another literature review report by Szentkir alyi et al. (46) evaluates a various daytime functioning, psychological burden and QOL impairment among the most common chronic sleep disorders. The authors concluded that sleep disorders have a profound effect on everyday daytime functioning, productivity, home, travel and workplace safety as well as mental and physical well-being and QOL.
The results showed that the mean level of pain intensity in patients seeking medical care due to chronic LBP was 6.75 on the VAS. Similar results were obtained by other authors who observed that before spine surgery there were various degrees of pain in all respondents; however, VAS score ranged between 6 and 8 was the most common (44, 47) .
Numerous studies have shown that strong chronic LBP affects daily functioning (48) and significantly lowers the QOL (47, 49) , which was confirmed in our own study. The results showed that people suffering from LBP rated the quality of their life the lowest in the physical domain. Sleep disorders are one of the most common health problems reported to the family doctors (27) . Scientific evidence also indicates that people suffering from chronic LBP complain about sleep problems (16, 24, 25, 50, 51) . The studies by Kaila-Kangas et al. (52) showed that people with chronic LBP and sleep disorders are more likely to be hospitalised than those who report only back pain.
Insomnia is one of the sleep disorders defined as unsatisfactory quality and quantity of sleep that is associated with difficulty in falling asleep, maintaining sleep and early waking (53) . According to Nowicki et al. (54) , more than half of the Polish population declares subjective insomnia. In our own study, as many as 83% of respondents suffered from insomnia. Similar data were obtained by Bahouq et al. (32) In contrast, in the study by Purushothaman et al. (55) , this percentage was lower. According to other studies (50, 55) , pain intensity positively correlates with sleep disorders as confirmed by own study. However, the studies conducted among the working population (56) showed that insomnia seems to be a risk factor for the development of back pain.
In our own study, it was also shown that 47% of the respondents experienced daytime sleepiness, which is far higher percentage than the one reported by Robertson et al. (57) The level of sleepiness is influenced by the intensity of pain experienced by a patient. However, the problem of daytime sleepiness in people suffering from back pain requires additional studies.
One of the consequences of sleep disorders is a decrease in the QOL, which have been widely confirmed. However, the impact of sleep disorders on the QOL in LBP patients has not been studied so far.
Conclusions
Sleep disorders -both insomnia and daytime sleepinessare a common health problem experienced by people with LBP. Insomnia is an important predictor affecting the QOL in people with LBP.
Implications for nursing practice
LBP is a disorder that is widespread in a society that affects both young and older people and often coexists with sleep disorders. The nurse who takes care of the patient with LBP as a competent member of the interdisciplinary therapeutic team is obliged to recognise the existing sleep disorders using standardised questionnaires (e.g. AIS). Moreover, patient-reported outcomes are increasingly accepted in clinical trials; thus, the development of research tools for disease-specific QOL should be expected and widely recommended. On this basis, the nurse has the opportunity to take professional actions that will potentially improve the outcomes of care and thus also to improve the quality of life of LBP patients. This study showed that sleep disorders significantly and negatively affect the QOL of patients with LBP. It has to be pointed out that sleep disorders associated with chronic LBP must be taken into account in the overall management of the patient, in the same way as pain.
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